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.5 Claims.

This mventmn relates in general to airplane
construction and more particularly to a construc-
tion of airplane wing spars.

The object of the invention is to provide an

.9 airplane wing which may be easily assembled to
the end that it will be properly braced when
assembled.

Another object is to provide an inherently
braced wing spar so that the truss construction

10 may be assembled without the use of separate
gussets.

Another object is to provide a truss assembly
of hollow chord members which may be braced
by tubular diagonals and that the necessary con-

18 nections may be made by single rivet patterns,
which rivets may be applied by the use of ordl-
nary squeeze tools.

Another object is to provide such a construc—
tion in respect to the truss members that the

20 terminal strength and the joing fixity to the
chord members will be improved.

Another object is to provide such a construc-
tion that will minimize the tendency of failure.
by twisting or locally érinkling.

Another object is to provide such a construc-
tion that will so eliminate the conventional mul-

- tiplicity of Pparts as_to considerably reduce the

weight of the wing construction. - _
Another object is to provide such a wing cen-
30_struction wherein the intersection of the wing
' spar members and the wing spar will Be such as to
equalize the stress distribution induced in the
chord members through beam action.
With. the foregoing and other objects in view,
- 35 the invention consists in the details of construc-
tion and the combination of parts hereinafter
set forth in the following. specification and ap-
pended claims, certain embodiments thereof be-
ing illustrated in the accompanying drawmgs, in
which:

Figurelisa viewin perspectlve of the wing spar -
showing its mtersectlon w1th one of the rib mem-
bers;

Figure 2 is an enlarged view in front elevatzon
. of the wing spar;

“ Pigure 3is a detailed view showing the manner
in which the tubular diagonal truss members are
conneécted to the frame chord member of the spar;

Figure 4 is a view in section taken along line\
4—4 of Figure 3;

Figure 5 is a view similar to) Flgure 4 showing
& modification of the form shown therein;

Figure 6 is a. similar view showing another
56 modified form
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Figure 7 is a similar view showing another
modified form; -

Figure 8 is a similar view showing another
modified form;

Figure 9 is a view in side elevation of a modified
form of tension diagonal truss member;

Figure 10 is a view in front elevation of that.
shown in Figure 9;

Figure 11 is a view in sectmn taken along hne
11—11 of Figure 9; - *

Figure 12 is a view in cross-section taken
through a modified form of 'diagonal truss mem-
ber; .

Figure 13 is a view i cross-sectmn of another
modified form of diagonal truss member;

Figure 14 is a view in front elevation showing
a pair of diagonal truss members, such as shown
in Figures 9 and 10, and their relative position
to the spar chord, which latter is shown in dotted
lines; .

Figure 15 is a view in section taken along line
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15—15 of Figure 3;

Figure 16 is a view taken through the spar
chord and the overlapping terminals of two ad-
jacent diagonal truss members and also showing
4 series of rivets and the operating members of
a suitable device for squeezing the rivets to ef=
fect the connection of these adjacent members,

Referring more particularly to the drawmgs,
and especially-to Figure 4, the airplane wing spar
consists prlmarlly of a U-strip 1 and a-cap strip
2, which is riveted to the U-strip by rivets 3 and
4 to form the upper and lower frame chord men-
bérs indicated generally at 5 and 6, respective-
ly, in Figure 2. A series of tubular diagonal
members, such as shown in Figure 2, at 7, 8,
9, 10, etc., are connected to each other and to
the upper and lower frame chord members of
the spar-to constltute a Warren truss for the
spar. ¢

These tubular members have thelr ends flat-
tened and split so as to saddle the U-strip of the
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‘spar frame chord member and one of the diag-

onal terminals is split so as to be wider than the
terminal of the adjacent diagonal so that it may 100
saddle the same. In this manner a sihgle rivet
pattern-may be used for tle connection of the
two adjacent terminals to each other and the
spar U-strip. 'This rivet pattern is shown in de-
tail in Figures 3 and 4. ' I have found it prefer- 105
able to enlarge the split terminal of the tension
diagonals so that they will fit snugly over the -
terminal of the adjacent compression diagonal as

the latter is fitted snugly over the U-strip and

therefore this general scheme is carried through- 110
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out the entire Warren truss. For purposes of

_ fllustration, in Figure 3, the diagonal 10 may be
referred to as a tension diagonal and diagonal
9 as a compression member. By references to

; Figures 3 and 4, it will then be seen that the split
terminal 9’ of the compression diagonal fitssnug-
ly about the U-strip 1 and that the split termi-
nal 10’ of the tension diagonal 10 fits snugly
about the terminal 9’.

1 The sequence of the assembly of the construc-
tion is preferably, as follows: The tubular diag-
onals are arranged and held in a jig and the
upper and lower U-strips 1 and. 1’ are then placed
and riveted to the tubular diagonals after they
have been placed in the particular relationship
above described and illustrated in' Figures 3 and
4. While held in such position a series of rivets

. may then be applied by the use of, ordinary.
squeeze tools so as to securely fasten the two
adjacent diagonal terminals to each other and’

20

to the U-strip.” An illustration of such a rivet
pattern is shown in Figures 3 and 4 but may

be modified to suit any particular requirements.
For purposes of identification these rivets gener--

ally are indicated at 11. ‘The next procedure is
to secure the cap strips to the U-strips so as to
form the frame chord member of the spar. The
 U-strips are preferably formed so as to provide

flanges 12 and 13 to provide for easy application
gp Of the rivets 3 and 4 for securing the cap strip

‘thereto. The cap strip may assume various ac-
tual forms as exemplified in the modifications
shown in Figures 5 to 8, inclusive. In each in-
stance it is considered preferable to so form the
cap strip that the oufer edges will be rounded
by such means as curving the -ends downwardly

25

4, at 14—15. In this connection, it may be as-

s sumed that the application of the rivets 3 and-
" 40

4, as shown in Figire 4, may assume any par-
‘ ;icular pattern as strength requirements may call

or. - . ) N .

This construction, affording as it does the use
of single rivet patterns for the joining of the
terminals of both diagonals to each U-strip of the
spar chord member, does away with the use of
separate gussets found in the conventiorial con-
struction without in any way lessening the
“strength of the spar construction. This makes for
not only simple construction but rapid assembly
as will be appreciated by the above description
of the sequence of assembly and also lessens the
weight of the construction to & very appreciable

degree by the elimination of gusget plates. The

use of seamless hollow chord:‘members also
makes for lightness. of construction and reliable
strength requirements. The manner of assembly
of the spar further makes for improved terminal
strength and joint fixity to improve the strength
of the chord members. It is also of importance
that the use of hollow members eliminates a tend-
ency to fail by twisting and further the use of

open edges in each chord mémber and the fact.

" that these edges are bent at 14 and 15 towards
its gravity axis prevents local crinkling.

All of the extremes of the contour are curved

in section to-increase the strength of the assem- -
bly and by this statemeént I have reference to

the curvature of the closed end of the-U-strip,
q0~the curved portion of the cap strip in alignment
* with the curved bottom of the U-strip, and also

the curvature of the upper ends of the cap strip..

'As shown in Figures 5 to 8, inclusive, several alter-
nate shapes of chord members may be used to fit

95 certain aerofeils and to'employ extruded shapes..

5

* and inwardly, as shown, for example, in Figure~

‘ures
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In each ihstaﬁce,xhowever, such as in Pigures

-5, 6 and 8, the same principle is employed as

regards the construction of the extremes of the .
contour, so that it is curved in section to increase.
the strength and by this I have reference to the 80:
fact that the bottom of the U-strip is curyed
and the portion of the cap strip in alignment
therewith and the ends of the cap strip are both

also accordingly curved. A slightly modified form

is shown in Figure 7, in which the bottom por- 85 -
tion of the U-strip may be not only curved but
enlarged in wall thickness at 16, the cap strip

2 instead of being curved may be its wall thick-
1ess, enlarged at 17 in alighment with the bottom
of the U-strip and the extreinities of the cap 90
strips 18 .and 19 and the extremities of the U-strip

‘flanges 20 and 21 may all have their wall thickness

enlarged. _

" As shown in Figuré 1, the intersection of the-
web members is preferably excentric to the grav-- .95
ity axis of the chord as indicated at 32 so as to
have a tendency to-equalize the stress distribution -
induced in the chord members through beam
action. - The wing ribmay compriseupper and low-
er chord members22and 23 with suitable diagonal 100
truss members 24. The nose plate of the wing is
indicated at 25. The wing ribs may be each pro-
vided with curved brackets, such as 26, so as to
releasably engage and hold in place thé frame -
chord members .of the wing spar. This figure, 105
while not drawn to an exact scale génerally rep-
resents the relationship of the point of inter-
section of the spar with the rib and the nose
strip, so as to indicate generally the excentric of
the point of intersection with relation to the 110
curved axis of the chord. , N

While I have illustrated-and described all of

the ‘diagonals of the Warren truss for the wing
spar as tubular members, I may employ mem- .
bers of different construction. However, in ref- 115
‘erence to any change from the construction .
shown and described, I would .preferably limit
such change so that the -compression members
would remain ‘as shown and described and ar-
range the tension diagonals so that they would 120
be of open section, in order to possibly facilitate
assembly. In carrying out this change Figures
9 and 10 show two arbitrary sections which I
may employ. . i )

Thus the tension diagonal 27 is formed so that 125
its cross-section will have several .convolutions
as a strengthening expedient, as shown in Fig-
$ and 11. Figures 12 and 13 merely show
other cross-sections which may be employed in
place of that shown in Figure 11. The truss 130
meniber 27 is provided with a series of apertures
28 arranged in any arbitrary pattern, which bears
some resemblance to the pattern shown in Figure
3. In using this type of diagonal I propose to
only use them as tension diagonals so that the
diagonal 9, as shown in Figures 3 and 4, would .
remain the same and retain the overlapping re-
lationship with the U-strip as shown in Figure 4.
When this form of tension diagonal is used they
will be used in duplicate, as shown in Figure 14,
and each flattened terminal will overlap a ter-
ininal of the adjacent compression diagonal.

Figure 15 is a cross-section through the tubular
diagonal looking towards the split terminal and
illustrates the fact that while the terminal 10’ '
is split and flattened the upper and lower walls

" are left substantially straight so-as to provide for

an increased terminal efficiency. The particular
cross-section of the tubular-diagonal itself, as
shown:in Eigure( 15, has been found to be prefer-
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able because of its strength and efficiency. In
the modification .shown in Figure 3, both the
compression and tension diagonals are formed in
the manner shown in Figure 15, and even when
tension diagonals of the type indicated in Figures
9 to 14 inclusive are used, the compression di-
agonals remain the same as shown in Figure 3
and have the particular cross-section shown in
Figure 15. The walls 105 of the tension diagonal
tube 10 are carried through straight and are
coplanar with the palmed end.

I have hereinbefore referred to the fact that
the particular construction and arrangement of
the truss members and the U-strip of the spar
chord makes it a simple matter to produce the
rivet pattern for the connection of the terminals
of the diagonal truss members to each other
and to the U-strip. A preferred method is illus-
trated in Figure 16, in which are shown the
U-strip 1, the terminals 9’ and 10’ of the com-
pression and tfension diagonals, all placed to-
gether with rivet holes in alignment and with
a series of rivets 11 extending therefrom ready
to be squeezed. There is also shown in this
figure a bar of metallic material 29 which may be
inserted in the U-strip, so as to provide for a

backing for the inward and opposed plunger -

action of the two opposed plungers 30 and 31
against the rivets. It will be seen that this
plunger action will not in any manner destroy
the contour of the U-strip, nor in any way dam-
age the diagonal terminals or the U-strips.
These plungers may be of the ordinary hydraulic
or mechanical press type. '

I claim:

1. A truss construction comprising a pair of
U-shaped beams with cap strips riveted to and
covering the open end thereof, a plurality of
diagonal bracing elements extending between
said beams and connected directly to each other

and to said beams, each of said connections be-

3

ing adapted to be effected by a single rivet pat-
tern, said beam and cap strip having the ex-
tremities of their contours curved.

2. An airplane wing spar comprising a pair of
U-shaped beams with cap strips riveted to and
covering the open end thereof, a plurality of
diagonal bracing elements extending between
said beams and connected directly to each other

80

and to said beams, each of said connections being

adapted to be effected by a single rivet pattern, 85
said beam and cap strip having the extremities -
of their contours curved. :

3. An airplane wing spar comprising a pair of
U-shaped chord members having parallel sides,
a plurality of tension and compression bracing
elements extending therebetween and connected
directly to each other and to said chord mem-
bers at points excentric to the gravity axis of the -
spar chord. - .

4. An airplane wing spar comprising a pair of
U-shaped chord members having parallel sides,
a plurality of tension and compression bracing
elements extending therebetween and connected
directly to each other and to said chord mem-
bers, each of said connections being adapted to 100
be effected by a single group of rivets at points
excentric to the gravity axis of the spar chord.

5. An airplane wing spar comprising a pair of
U-shaped chord members having parallel sides, a
plurality of tension and compression bracing ele- 105
ments extending therebetween and connected di-
rectly to each other and to said chord members,
the terminals of said diagonals being arranged to
overlap said chord members and said tension
elements being arranged to overlap said com- 110
pression elements, each of said connections being
effected by a single group of rivets at points ex~
centric to the gravity axis of the spar chord, each
of said chord members being provided with a
cap strip. .
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